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/DVHUZHOGLQJLVDQ LQGXVWULDO MRLQLQJSURFHVVDQGXVHGDVDQDOWHUQDWLYH WRFRQYHQWLRQDODUFZHOGLQJSURFHVVHV
QRZDGD\V7KHDGYDQWDJHVRI ODVHUZHOGLQJDUHKLJKZHOGLQJVSHHGZKLFKHQDEOHV ORZKHDW LQSXWDQG GHHSDQG
QDUURZZHOGZLWK VPDOO+$= KHDW DIIHFWHG ]RQH /LSSROG	.RWHFNL /DVHUZHOGLQJ FDQEH H[HFXWHG DV
FRQGXFWLRQ OLPLWHG ZHOGLQJ RU NH\KROH ZHOGLQJ ,Q NH\KROH ZHOGLQJ ODVHU EHDP DEVRUEV WR WKH ZHOGHG PDWHULDO
VXUIDFH WKH PDWHULDO KHDWV PHOWV DQG VWDUWV WR ERLO 7KLV ERLOLQJ HIIHFW LQ FDVH RI VWDLQOHVV VWHHOV FDXVHV PHWDO




$0 DGGLWLYHPDQXIDFWXULQJ   &&' FKDUJHFRXSOHGGHYLFH
3%) SRZGHUEHGIXVLRQ   ȡ PDWHULDOGHQVLW\>NJPP@
+$= KHDWDIIHFWHG]RQH   9:0 ZHOGPHWDOYROXPH>PPV@
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([SHULPHQWDOSURFHGXUH





2.2. Materials used in this study 
7ZRVWDLQOHVVVWHHO/PDWHULDOVZDVXVHGLQWKHVWXG\3%)VKHHWVZHUHPDQXIDFWXUHGIURP+|JDQlV6WDLQOHVV
6WHHO/SRZGHUDQGFROGUROOHG&5VWDLQOHVVVWHHOSODWHVZHUH2XWRNXPSX/(OHPHQWDU\DQDO\VLV
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ZHUHSHUIRUPHGIRUERWKPDWHULDOVDQGWKHFKHPLFDOFRPSRVLWLRQVRIWKHPDWHULDOVDUHSUHVHQWHGLQWDEOHVDQG
(OHPHQWDODQDO\VLVZHUHPDGHZLWK%UXNHU47DVPDQZKLFKLV&&'EDVHGRSWLFDOHPLVVLRQVSHFWURPHWHUIRUWKH
PHWDO DQDO\VLV 7KH DQDO\VLV PHDVXUHPHQWV ZHUH WDNHQ IURP WKH VXUIDFH RI WKH &5 DQG 3%) SODWHV IURP WKUHH
VHSDUDWHSODFHVDQGWKHQDYHUDJHG
7DEOH+|JDQlV/FKHPLFDOFRPSRVLWLRQDQDO\]HGZLWK%UXNHU47DVPDQ
&U>@ 1L>@ 0R>@ 0Q>@ 6L>@ &X>@ &>@ 3>@ 6>@ )H>@
         %DODQFH
7DEOH&ROGUROOHG2XWRNXPSX/FKHPLFDOFRPSRVLWLRQDQDO\]HGZLWK%UXNHU47DVPDQ
&U>@ 1L>@ 0R>@ 0Q>@ 6L>@ &X>@ &>@ 3>@ 6>@ )H>@
         %DODQFH
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/DVHU3RZHU>:@ /DVHUVFDQYHORFLW\>PPV@ /D\HUWKLFNQHVV>P@ +DWFKGLVWDQFH>PP@
   

7KHVFDQQLQJGLUHFWLRQZDVDOWHUHG LQHYHU\ OD\HU WRDFKLHYH IXOOGHQVHVWUXFWXUH$IWHU WKHPDQXIDFWXULQJ WKH
VKHHWV ZHUH VDZHG RII IURP WKH EXLOGLQJ SODWIRUP DQG VDZHG WR WKH WHVW VSHFLPHQ GLPHQVLRQV 1R RWKHU SRVW
SURFHVVLQJZDVPDGH
2.4. Bead on plate laser welding of the test pieces. 
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PE   
ZKHUHE LV WKH HQHUJ\ LQSXW -PPP LV WKH ODVHUSRZHU :DQGv LV WKHZHOGLQJ VSHHG PPV 'DKRWUH	
+DULPNDU
2.6. Analysis methods 
2QFH WHVWSLHFHVZHUHZHOGHG WKH WRSDQG URRW VXUIDFHVRI WKH WHVWSLHFHVZHUHSKRWRJUDSKHG7KHVHFWLRQ IRU
PDFURVFRSLFDQDO\VLVZDVVDZHGRIIIURPWKHPLGGOHRIWKHWHVWSLHFH7KHVHFWLRQVZHUHWKHQSROLVKHGDQGHOHFWUR





3.1. Weld geometry and quality 
4XDOLW\ RI WKHZHOGV YDULHG EHWZHHQ WKHPDWHULDOV WKDWZHUHZHOGHG9LVXDO LQVSHFWLRQ RI WKH VXUIDFHV RI WKH
ZHOGV VKRZHG WKDWZKHQ FROG UROOHG/ZDVZHOGZLWK ILEHUGLDPHWHU RI P WKHUHZHUH ODUJH DPRXQWRI
VSDWWHULQJ HVSHFLDOO\ ZKHQ ODVHU SRZHU ZDV KLJKHVW  N::LWK 3%)PDQXIDFWXUHG / VKHHWV QR VLPLODU




VSHHGV  PPLQ DQG  PPLQ ZHUH XVHG 2QO\ LPSHUIHFWLRQV WKDW ZHUH IRXQG ZHUH FUDFNLQJ DQG ODFN RI
SHQHWUDWLRQ LPSHUIHFWLRQV  DQG D  DFFRUGLQJ WKH ,62  VWDQGDUG$OO ZHOGVZLWKRXW FUDFNV SDVVHG WKH
YLVXDOLQVSHFWLRQZKHQWKHFODVVLILFDWLRQRIWKHZHOGVZHUHLQFODVV'PRGHUDWH&UDFNLQJRIWKHZHOGVZHUHIRXQG












$V LW FDQEH VHHQ IURP)LJ WKH VKDSHRI WKHZHOG LQ&5PDWHULDO LV EHDNHU VKDSHGZKLOH WKHZHOG LQ3%)
PDWHULDOLVPRUHVWUDLJKWVKDSHG7KHGLIIHUHQFHLQZHOGVKDSHVFDQEHDVDUHVXOWRIGLIIHUHQWDEVRUSWLRQSURSHUWLHV
EHWZHHQ WKH VXUIDFHV RI WKHPDWHULDOV %HUJVWU|P %HUJVWU|P  UHVHDUFKHG WKH DEVRUSWDQFH RI 1G</) DQG






VHFWLRQV RI WKH ZHOGV ORRNHG OLNH WKH\ KDG EHHQ ZHOGHG IURP ERWK VLGHV DOWKRXJK WKLV ZDV QRW WKH FDVH 7KLV
SKHQRPHQDFRXOGEHH[SODLQHGZLWKGLIIHUHQWNH\KROHPRGHV7KHNH\KROHPRGHVLQKLJKSRZHUODVHUZHOGLQJZDV
LQYHVWLJDWHGE\9lQVNlLQKLVGRFWRUDOWKHVLV,Q9lQVNlVVWXGLHVVRPHRIWKHZHOGVKDG³WZLQWRS´JHRPHWU\
ZKHUH WKH URRW VLGH RI WKH ZHOG KDV VDPH IHDWXUHV WKDW WKH WRS VLGH VOLJKWO\ ODUJHU VXUIDFH ZLGWK DQG VLPLODU
VROLGLILFDWLRQOLQHV7KLVEHKDYLRUZDVH[SODLQHGVRWKDWWKHNH\KROHVIURQWZDOODQJOHZDVVPDOODQGUHIOHFWLYLW\ZDV
ODUJHZKLFKOHGUHGLUHFWLRQRIWKHODVHUOLJKWWRGHHSHULQWRWKHPDWHULDODQGHYHQWXDOO\RXWRIWKHURRWVLGH+HFDOOHG
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)LJ/HIW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9lQVNl5LJKWRQHRIWZLQWRSZHOGVDFTXLUHGGXULQJWKHZHOGLQJ
WHVWV5HGOLQHGHVFULEHVWKHVKDSHRIWKHZHOGIURPWKHURRWVLGH
3.2. Analysis of weld cross-section geometry 







ZHOGV ZHUH PRUH VWUDLJKW DQG HYHQ ; VKDSHG 7KH SHQHWUDWLRQ GHSWK GLIIHUHG DOVR EHWZHHQ WKH ZHOGV LQ WKHVH
PDWHULDOV ,QFROG UROOHGPDWHULDOZHOGV DQGZHUHRQO\SDUWLDOO\SHQHWUDWHGZKHUHDVRQO\ZHOG LQ3%)




0DWHULDO :HOG :HOG :HOG :HOG :HOG :HOG :HOG :HOG :HOG
&5/ PP )XOO )XOO PP )XOO )XOO PP )XOO )XOO
3%)/ )XOO3RUHV )XOO )XOO )XOO3RUH )XOO )XOO PP3RUH )XOO )XOO

7KHZLGWKRI WKHZHOGVZHUH VLPLODUO\PHDVXUHG IURP WKHZHOGVPDGHZLWKPRSWLFDO ILEHU7KHHQHUJ\
LQSXWYVWKHZHOGZLGWKLVSUHVHQWHGLQ)LJ




RQO\ RQH RI WKHZHOGV ZHOG1R  HQHUJ\ LQSXW RI  -PPZDV QRW IXOO\ SHQHWUDWHG LQ ERWKPDWHULDOV:LWK
KLJKHUHQHUJ\LQSXWV-PPDQGDERYH3%)ZHOGVKDGWHQGHQF\WRFUDFNVOLJKWO\RUFRPSOHWHO\IURPWKHPLGGOH
RIWKHZHOG7KLVPD\EHFDXVHGE\SRVVLEOHUHVLGXDOVWUHVVHVLQ3%)PDWHULDO+RZHYHULWQHHGVIXUWKHUVWXGLHV
3.3. Welding efficiency 
6LQFHWKHZHOGLQJRIDGGLWLYHPDQXIDFWXUHGSDUWVLVQRW\HWYHU\ZLGHO\UHVHDUFKHGILHOGLWZDVGHFLGHGWRVHHLI
WKHUH LV GLIIHUHQFHV LQ WKHZHOGLQJ HIILFLHQF\ EHWZHHQ3%)PDQXIDFWXUHG VWDLQOHVV VWHHO DQG FROG UROOHG VWDLQOHVV
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,W ZDV FRQFOXGHG LQ WKLV VWXG\ WKDW LQ JHQHUDO 3%)PDQXIDFWXUHG SDUWV FDQ EHZHOGHGZLWK JRRG TXDOLW\$OO
SURGXFHGZHOGVZHUHYLVXDOO\LQVSHFWHGDQGHYDOXDWHGDFFRUGLQJWKH,62VWDQGDUG,62(OHFWURQDQGODVHU
EHDPZHOGHGMRLQWV*XLGDQFHRQTXDOLW\OHYHOVIRULPSHUIHFWLRQV3DUW6WHHO$OOZHOGVZLWKRXWFUDFNVRUODFNRI
SHQHWUDWLRQ ZHUH HYDOXDWHG WR WKH % FODVV VWULQJHQW $OO WKH ZHOGV ZLWKRXW FUDFNV ZHUH FODVVLILHG LQWR &
LQWHUPHGLDWHFODVV&UDFNLQJZDVSUHVHQWRQO\LQZHOGVLQ3%)PDWHULDO













7KLV VWXG\ ZDV FDUULHG RXW DV D SDUW RI WKH )LQQLVK0HWDOV DQG (QJLQHHULQJ &RPSHWHQFH &OXVWHU ),0(&&
SURJUDP0$18  )XWXUH'LJLWDO0DQXIDFWXULQJ7HFKQRORJLHV DQG6\VWHPV 31H[W*HQHUDWLRQ0DQXIDFWXULQJ
$XWKRUV H[SUHVV WKHLU JUDWLWXGH WR /87 /DVHU SHUVRQQHO DQG WR /87 PHWDOOXUJ\ ODE SHUVRQQHO IRU WKH KHOS RI
H[HFXWLQJWKHH[SHULPHQWDOWHVWLQJ
5HIHUHQFHV
%HUJVWU|P '  ³7KH $EVRUSWDQFH RI 0HWDOOLF $OOR\V WR 1G<$* DQG 1G</) /DVHU /LJKW´ /LFHQWLDWH 7KHVLV /XOHn 8QLYHUVLW\ RI
7HFKQRORJ\
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